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(54) YCTPOMCTBO PErMCTPAL|MM TEHJlOBOrO M3JiyHEHMfl 

H3o6peTeHMe othocmtch k o6JiacTM TennoBMAeHMfl n MO>KeT ncnonb30BaTbc* KaK Ana HaSruoneHua v\ 
perncTpaMMM TennoBbix M3o6pa>KeHLi£i o6"beKTOB, TaK n ah* M3MepeHn« mx TewinepaTypbi. ycrpoMCTBO 
coAep>KiiT CBeTonornouiaKDLiiyK) nnacrnHy c 3epKanbHofi noBepxHOCTbio, o6pameHHOM k noAJio>KKe, 
3aKpenneHHyjo Ha cfrpoHTaJibHofi noBepxHOCTM AnaneKTpuHecKOM unit nonynpoBOAHUKOBOM 
nnocKonapa/ine/ibHOM noxiHpoBaHHOw noA-no>KKi/i, npo3paHHOfi A-rm csers b bmammom o6/iacTM cneicrpa, c 
noMOLLjbio KOHCTpyKMHn, coAepwaiAefi anewieHT M3 AByx cnoeB MaTepna/ioB c pa3HbiMn KOscfrcjDtiLiMeHTaMii 
TepMnnecKoro pacLunpeHiip u TepMOM30JinpyK)ii4HM sneivieHT, mctohhmk bmahmoi-o CBeTa, paBHOwiepHO 
ocBeLqaiOLAMCi TbinbHyjo npocBeTJieHHyjo noBepxHocTb iioatiowkm, npn stom CBeT nonaAaeT Ha <J>poHTanbHyK) 
noBepxHOCTb noAiio>KKii m 3epi<anbHyKD noBepxHocrrb CBeTonornomaioineii nnacTUHbi, a OTpaweHHbie ot 
cjDpoHTanbHo^ noBepxHOcrrn noAJio>KKM w 3epKanbHoti noBepxHocru CBeTonomoii4aK)U4efi nnacTHHbi jiynn 
MHTep4)epnpyK)T f b pe3ynbTaTe nero MHTeHcuBHocrrb OTpa>KeHHoro CBeTa 3aBncwT ot nojioweHiifl 
CBeTonomoiAaroinefi n/iacTMHbi, onpeAe/iaeMoro oneMeHTOM H3 AByx cnoeB MaTepnanoB c pa3Hbiwn 
K03(|)ct)MMMeHTaMn TepMMMecKoro paciiinpeHUfl TeMnepaTypo^. ycrrpoMCTBO coAepwtiT cfcoTOHyBCTBHTejibHbifi 
k BMAMMOMy CBeTy npw6op. rioAno>KKa c 3aKpenneHHoft Ha Hew CBeTonomoLAaiomefi nnacTMHOM (wnn 
nnacTMHaMM b MaTpviHHOM BapnaHTe) noMeLqeHa b BaKyyMHbifi TepwiocraT. TexHunecKMM pe3y/ibTaTOM 
flBJiqeTC^ CHHweHi/ie ce6ecroMMOcTM m noBbiiueHwe nyBCTBHTenbHOCTM . 5 hxi. 

OnMCAHME M30BPETEHM* 

M3o6peTeHne othochtca k o6nacTM Ten/iOBMAeHnq n MO>KeT ncnonb30BaTbCH KaK i\na Ha6jiK>AeHHH h 
perwcTpaqiiM TennoBbix M3o6pa>KeHMCi o&beKTOB, TaK m aji^ M3MepeHMfl MXTeMnepaTypw. B TennoBMAeHnn 
Mcno/ib3yK)T(t)OTonpneMHbie ycrpoiiCTBa (ycrrpoiiCTBa perncTpaunn TennoBoro M3/iyMeHnn), npuHunn 
pa6oTbi KOTopbix ocHOBaH Ha TennoBbix a^cfceKTax B3anMOAeMCTBMq perncrpupyeMoro sneiapoMarHMTHoro 
H3JiyMeHHH c BeuiecTBOM. ripn TennoBbix ac^cfDeicrax nponcxoAMT M3MeHeHiie cbomctb Beii4ecTBa n3-3a 
M3MeHeHMfl ero TeMnepaTypbi b pe3y/ibTaTe nornotneHUfl M3JiyMeHMfl. 

H3BecTHbi TennoBbie c^oTonpneMHwe ycrpoMCTBa, ncnonb3yiou4ne ajieiapunecKoe mjim onTunecKoe 
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CHUTbiBaHwe MHctDopMaqnn. K nepBbiM mo>kho OTHec™ 6onoMeTpbi, nupoanetcrpuMecKMe cjDOTonpneMHMKn, 
ra30HanoriHeHHbiM KOHfleHcaTopHbiw mhkpocJdoh mt. n.K cjDOTonpneMHbiM ycTpotfCTBaM c onTunecKUM 
CHMTbiBaHnewi othochtch npneMHMK rojiefl, npMeMHMK c Mcno/ib30BaHMeM TeMnepaTypHOM 3aBMCMMOCTM Kpaa 
nornoaieHUfl nonynpoBOAHMKa, 3Banoporpact>. 

npuHqun fleMCTBUfl aBanoporpacfca (OoTonpnewiHUKM BMAMMoro v\ MK Anana30HOB. - M. : Paflno m CB«3b t 
1985, c.39, 94) ocHOBaH Ha M3MeHeHnw Tonii4MHbi tohkom MacnaHow nneHKM ot TeMnepaTypbi. 
PerncTpupyeMoe MHcfepaKpacHoe M3nyMeHne M3MeHaeT TeMnepaTypy MacnHHOw nnenm. CKopocrb 
ucnapeHi/m Macna 3aBiicwT ot TeMnepaTypbi. B pe3yribTaTe, TonmuHa nneHKM 3aBncnT ot TeMnepaTypbi. ripn 
3tom Mac/iflHap nneHKa Aono/iHtiTenbHO ocBeaiaeTca oflHopoflHbiM noTOKOM BUflMMoro CBeTa. 
Ha6nK)AaeMafl MHTepcfrepeHLiMOHHafl KapTMHKa 3aBncnT ot ToxiLMUHbi Mac/i^HOM n/ieHKw, a cneAOBaTeribHO, 
ot ee TeMnepaTypbi. 

HeAOCTaTKOM ycTpoMCTBa flBnaeTCfl Heo6xoAHMOCTb nepnoAMHecKn BoccTaHaB/iMBaTb MacxiflHyio n/ieHKy W3~ 
3a wcnapeHi/m Macna. 

M3BecTHO Heoxna>KAaeMoe ycrrpoiiCTBo perncTpaqnM TennoBoro M3/iyHeHnq (naTeHT CLJJA N 05844238, 
onyGniiKOBaH 1.12.1998 r.), npuHqun AewcTBua KOToporo ocHOBaH Ha n3MepeHMn eMKOCTM KOHAeHcaTopa, 
CBeTonor/ioLqaK)u4ap o6f<naAKa KOToporo BbinonHeHa M3 npoBOA^^ero srieKTpMHecKMM tok MaTepwa/ia, 
' KOHCTpyKqua KpenneHMfl stow o6i<riaAKM k noAno>KKe coAep>KHT aneicrponpoBOAa^Mii axieMeHT, 
TepMOM3onnpy»ou4Mii aneMeHT m sneMem- M3 AByx c/ioeB MaTepna/iOB c pa3HbiMn KoacjDcf^nuneHTaMn 
TepMUMecKoro paciuwpeHkm. norxiouieHne pen/icrpupyeMoro nHcf>paKpacHoro M3nyHeHHfl npuBOAMT k 
M3MeHeHMKD TeMnepaTypbi o6i<naAKn KOHAeHcaTopa m sneMem-a H3 AByx c/ioeB MaTepna/iOB c pa3HbiMM 
K03(t>ct)HMMeHTaMn TepMnnecKoro pacLunpeHun, hto npuBOAMT k Aect>opMai_inn nocneAHero m n3MeHeHM*o 
nonoweHkm CBeTonomomaioujeSi o6i<naAKn KOHAeHcaTopa no OTHoaieHHK) k HenoABiDKHOfi o6icnaAKe, 
pa3MemeHHOfi Ha noAJiowKe. H3MeHeHi/ie nojio>KeHMfl cBeTonomomajomefi o6KnaAKn npuBOAUT k M3MeHeHMK> 
eMKOCTM KOHAeHcaTopa, KOTopaq M3MepfleTCfi c noMOLAbKD cnemiaribHOM cxeMbi, BbinojiHeHHOfi Ha 
noJiynpoBOAHMKOBofi noAJio>KKe ycrpofiCTBa. KoHCTpyKqw* ycrrpoiicTBa AonycKaeT MaTpHHHyio opraHH3aunio, 
npw 3tom cxeMa M3MepeHHfl eMKOCTM (TO>Ke MaTpiiMHaa) Aono/iHaeTCfl cxeMofi KOMMyTaTopa, curHan Ha 
BbixoAe KOToporo nocneAOBaTe/ibHo bo BpeMeHU paBeH curHany c Ka>KAoro OTAenbHoro 4>oTonpiieMHiiKa 
(nHKcerm) MaTpnqbi. 

flxifl cTa6MJiM3aMnn pewwMa pa6oTbi ycTpoftcrBa m yMeHbiueHnq Tennoo6MeHa ero nomoujaiOLMetf o6»aiaAKM 
KOHAeHcaTopa c aTMOC^epoii noAno>KKa noMe^ena b BaKyyMHbm Kopnyc c <£poHTanbHbiM npocBeT/ieHHbiM 
okhom. f\nn cTa6nriM3ai4Mn pa6oMefi TeMnepaTypbi noAio>KKH ycTpofiCTBO coa©P>kht CTa6iuin3aTop 
TeMnepaTypbi. TennoBoe M3o6pa>KeHMe Ha6nK>AaeMbix o6*beKTOB c^OKycupyeTCfl Ha noAno>KKy c noMombio 
HHcjDpaKpacHoro o6"beKTHBa, BxoA«Li4ero b cocTaB ycTpowcTBa. 

HeAOCTaTKOM ycrpoficTBa aBnnercn KOHcrpyKTMBHO Heo6xoAMMbiM 3JieKTponpoBOA«u4WM sneMeHT, KOTopwPi 
npoBOAMTTenno m yMeHbtuaeTTen/iOBoe conpoTMBneHMe Mex<Ay nomou4aK)iAeCi o6KJiaAKo£i ko ha© h caTO pa m 
noAJiOKKOM, hto, b cbok) OMepeAb, npuBOAMT k yxyALueHMK) HyBCTBMTe/ibHocTM ycrpoMCTBa. 

HeAOCTaTKOM TaioKe flBJineTcn OTHOcnTeribHaq cno>KHOCTb n3roTOBneHM« ycrrpoiiCTBa, 3aKJiK)HaK)ii4aflC5R b 
Heo6xoAHMoc™ co3AaHM« noABM>KHOM nomou4aiCLneM o6«jiaAKii KOHAeHcaTopa c KOHcrpyKMneM ee 
KpenneHMfl (no cyTM MexaHnnecKOM cucT.eMbi) Ha noBepxHoc™ aneicrpoHHOM cxeMbi. flono/iHUTe/ibHbie 
TexHonorimecKMe onepaunn Hen36e>KHO yMeHbiuaK)T npoueHT BbixoAa roAHbix npn6opoB, cneAOBaTeribHO, 
noBbiiuajOT mx ce6ecTOMMOCTb. 

TexHMHecKMM pe3y/ibTaTOM M3o6peTeHMfi flBnaeTcn yBennHeHne nyBCTBHTenbHOCTM ycrrpoMCTBa 
perncrpaMMM Ten/ioBoro v\3ny^en\A9\ npn CHM>KeHMM ero ce6ecTOMMOCTM. 

TexHMHecKiifi pe3y/ibTaT AOCTuraeTcn TeM, mto b ycrpoticTBo perncTpamiii TennoBoro M3yHeHuifl, cocTOflii4ee 
M3 MHCjDpaKpacHoro o6*beKTMBa, BaKyyMHoro Kopnyca c cfepomembHbiM npocBeT/ieHHbiM okhom, coAep>Kau4ero 
anepTypHyK) Anac^parMy, cra6njiM3aTop TeMnepaTypbi n noAno>KKy c 3aKpenneHHbiMM Ha ee 4>pom-ajibHOM 
noBepxHoc™, nocpeACTBOM TepMOM30/inpyK)iJL4MX sneMeHTOB m 3/ieMeHTOB M3 AByx cnoeB MaTepnanoB c 

pa3HbiM*i KosctxtumneHTaMn TepMMHecKoro pacujupeHMfl, nnacTMH b KonnnecTBe n om, rAe n - hmcjio crrpoK, 

m - Hkicno CTon6i40B, c nomou4aK)iJueM m 3epKanbHOw noBepxHOCT^MM, AononHi/rrenbHO BBeAeHbi TbmbHoe 
okho BaKyyMHoro Kopnyca, mctomhmk MOHOxpoMaTimecKoro BHAMMoro CBeTa, pacno/io>KeHHbiii CTbi/ibHOW 
cropoHbi noAno>KKM f CBeT KOToporo HanpaB/ieH Ha TbmbHyio CTopoHy noA/io>KKM, npoxoAMT Ha 4>poHTanbHyK) 
cropoHy noAJiowKM m 3epKa/ibHyK> noBepxHOCTb CBeTonomomaiotiieCi njiacrraHbi; m perncTpupyjoLMUM npn6op, 

HyBCTBMTeJIbHblft K BMAMMOMy CBeTy, perHCTpHpyK)U4MM OTpa>KeHHbie 3epKa/lbHOl4 nOBepXHOCTbK) Ka>KAOM 

nnacTMHbi m 4>poHTajibHofi noBepxHOCTbio noAno>KKM nHTepcf)epMpyK)Lnne Me>KAy co6oii nynM, a noAno>KKa 
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Bbino/iHeHa M3 npo3paMHoro ajia bmammoi"o CBeTa AnaneiapMHecKoro hjim nonynpoBOAHMKOBoro wiaTepnana. 

l~IOA/io>KKa ABnaeTCfl ruiocKonaparmeribHOM nonnpoBaHHOM nnacrniHoft. KoHCTpyKUMfl KpenneHnq 
cBeTonomoiiiajoineM nnacTUHbi He coAep>KMT 3neKTponpoBOA«mero aneivieHTa, hto yBennnnBaeT ee 
TennoBoe conpoTMB/ieHne. 

BaKyyMHbiw Kopnyc coa©p>kmt Asa onTunecKnx oKHa: cfrpoHTa/ibHoe, npocBemeHHoe ai* pemcTpupyeMoro 
MHcf)paKpacHoro M3JiyHeHMfl, m TbinbHoe, npocBeT/ieHHoe a^a CBeTa AononHMTenbHoro MCTOHHWKa. Me>KAy 
4>poHTaribHb!M okhom m noAiowKOti pa3Meu4eHa anepTypHaa AwacfrparMa. 

YcTpoMCTBo coAep>KiiT perMCTpMpyK>u4MM, cjDOTOHyBCTBMTenbHbiM k Ha3B3HHOMy cBeTy, npuSop, b KanecTBe 
Kcrroporo MO>KeT Mcnoxib30BaTbcn BHAeo TeneKaMepa, cfxrroannapaT v\nv\ ma3 Ha6xiK)AaTenq. 
PerncTpupyjoLMnPi npn6op MO>KeT MMeTb s CBoeM cocrraBe Bee M3BecTHbie ycrpotiCTBa c anropwTMaMM mx 
pa60Tbi f\na ynyHUjeHHfi KanecTBa M3o6pa>KeHM5R, HanpuMep, ABOMHyio Koppeni/ipOBaHHyto Bbi6opKy, 
ycTpoMCTBO noAaBJieHwn reoMeTpimecKoro LuyMa, ycrpoticTBo BbipaBHMBaHM* HyBCTBMTenbHocTM; a TaK>Ke 
6hokh Ana MaTeMaTunecKoPi o6pa6oTKn m 3anncn (xpaHeHiin) wsoepa^eHUM, A^cn/ieti m KnaBnaTypy. 

Ha 4)nr. 1 npeACTaBneHa 6noK-cxeMa ycrpoMCTBa. 

Ha 4>nr. 2 noi<a3aH xoa Jiynew npw onTunecKOM cMMTbiBaHMn. 

Ha 4>nr. 3 npeACTaB/ieH rpacjDMK 3aBMCMMocTM OTHocnTenbHoPi w HTeHcn b hoctm oTpa>KeHHoro CBeTa ot 
paccTOAHnq wie>KAy 3epKanbHOM noBepxHOCTbK) CBeTonor/iomaiomeM n/iacTUHbi n cjDpoHTan bHoft nnocKocTbio 
noAno>KKM t Bbipa>KeHHoro b eAMHuqax a^hhw BoriHbi \A3nyveHv\a ot wcroMHMKa BMAMMoro CBeTa. 

Ha ct>nr. 4 npeAcraB/ieHO ceMeficrBO rpacjDMKOB saBucmviocreM OTHocMTenbHOM m HTeHCM bhoctm OTpaweHHoro 
CBeTa ot paccTOHHuia Me>KAy 3epKa/ibHOM noBepxHOCTbK) CBeTonorno 114a kd mew nnacTMHbi m cfcpom-anbHOM 
nnocKOCTbio noAJio>KKM f BbipaweHHoro b eAMHMLjax ajiuhw BOJiHbi bmammoi-o CBeTa ai* pa3Horo 
cneicrparibHoro cocraBa M3nyHeHHfi ot MCTOHHMKa bmammoi"o CBeTa. 

Ha cjDnr. 5 npeACTaBneHO ceft/iefiCTBo rpacjDHKOB 3aBncnMOCTePi OTHOCMTenbHoii m HTe h cm b h octm OTpa>KeHHoro 
CBeTa ot paccTOflHun Me>KAy CBo6oAHbiM KpaeM (Ha cfcur. 1,2 otot Kpafi - cnpaBa) CBeTonornoLL|aK>uj|eM 
nnacTUHbi c 3epKanbHOM noBepxHOCTbK) m cjDpoHTa/ibHOft nnocKOCTbto noAnowKM, Bbipa>KeHHoro b eAMHuqax 

A^UHbl BOJIHbl M3JiyMeHHfl OT MCTOHHMKa BMAMMOrO CBeTa AH* pa3HblX 3HaHeHMM paccrofiHMfl Me>KAy 

3aKpen/ieHHbiM KpaeM nnacrnHbi (Ha cfwr. 1,2 stot Kpafi - cxieBa) m 4>poHTajibHOfi nnocKOCTbio noAJiowKM, 
Bbipa>KeHHoro b eAMHuqax A^UHbi bojihw M3JiyweHM* ot MCTOHHMKa BHA^Moro CBeTa. 

Ha <|}Mr. 1 npeAcraB/ieHa 6/ioK-cxeMa ycrpowcTBa, rAe (1) -MHcfrpaKpacHbiM o6-beKTMB, (2) - 4>poHTanbHoe 
okho c npocBeTJiqKHAHMM noKpbijuflMM, (3) - anepTypHa* Awac})parMa, (4) - TepMOM3onnpyK)ii4MM aneMeHT, 
(5) - sneMeHT M3 AByx cnoeB Ma-repnanoB c pa3HbiMM Koactx^nuMeHTaMn TepwmMecKoro pactunpeHMfl, (6) - 
CBeTonomoLi4aK>u4afl n/iacrruHa c nornomaiomMM noKpbiTneM (7) m 3epKa/ibHoPi noBepxHocrbK) (8), (9) - 
noAflo>KKa (AManeicrpMHecKafl nnn nonynpoBOAHUKOBan n/iocKonapannenbHafl nonwpoBaHHafl nnacTMHa), 
(10) - CTa6miti3aTop TewinepaTypbi noAJio>KKM, (11) -npocBeT/inKDoiee noKpbiTue, (12) - TbinbHoe okho c 

npOCBeTJlflJOLMMMM nOKpbtTMflMM, (13) - AOnOJlHMTeJlbHblM o6*beKTMB MJ1M OKyriflp, (14)- MCTOMHMKH BHAHMOrO 

CBeTa, (15)-perMCTpnpyK)ii4HM npw6op. 

Ha cfjur. 2 noKa3aH xoa nyneM npn onTunecKoivi CHMTbiBaHnw, rAe d 0 - paccTO^Hne Me>KAy 3aKpenneHHbiM 
KpaeM CBeTonomomaiomeM nnacTMHbt m 4)poHTanbHOM noBepxHocrbK) noAnowKM, d - paccroflHue Me>KAy 
CBo6oAHbiM KpaeM CBeTonomomaiOLneM nnacTMHbi n c^poHTaribHOw noBepxHocrbK) noAJio>KKii, l 0 - nnocKaa 
MOHOxpoMaTHHecKaa BoriHa, naAaiOLqap Ha c})poHTa/ibHyK) noBepxHOCTb noAno>KKM M3 ee o6"beMa, l v l 3 , l 5 , l 7 
- OTpa>KeHHbie Jiynn, l 2 , l 4 , l 6 - jiynn, naAawmne Ha 3epKa/ibHyK) noBepxHOCTb CBeTonomomaiOLAeM 
n/iacTMHbi. 

Ha dpiAr. 3 npeACTaBneH rpac^MK 3aBncwMocrn OTHocnTeribHoCi MHTeHCMB hoctm OTpa>KeH Horo CBeTa |l/l 0 | 2 ot 
paccTOflHMn d Me>KAy 3epKanbH0M noBepxHOCTbK) CBeTonornoLqaK)ii4eM nnacTMHbi n 4)poHTa/ibHOM 
nnocKOCTbio noA^OKKM, Bbipa>KeHHoro b eAMHuqax Xa^mhw BoriHbi nsjiyneHMfl ot MCTOMHMKa BHAMMoro 
CBeTa. 

Ha cjDnr. 4 npeACTaB/ieHO ceMettcTBO rpa4)MKOB 3aBHCMMOCTeM OTHOCMTenbHOM MHTeHCMB hoctm OTpa>KeHHoro 
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CBeTa |l/l 0 | 2 ot paccrofiHMfl d Me>KAy 3epKa/ibHOfi noBepxHOCTbK) CBeTonornoinajOLqeti nnacrnHbi m 
cfjpoHTanbHOM nnocKOCTbK) noAno>KKw, Bbipa>KeHHoro b eAMHUMax fljiMHbi BoriHbi BUfliiMoro CBeTa XAn* 
pa3Horo cneKTpanbHoro cocraBa M3JiyMeHnq ot iicrroHHUKa BMAMMoro CBeTa, rAe (16)- 3aBnciiM0CTb a^h 

CBeTa C BOJIHbl X (17) - 3aBMCMMOCTb A™ CBeTa C A^MHOM BOJIHbl 2 X (18) - 33BHCHM0CTb A™* 

CBeTa, coAepwaujero cyMMy AByx bojih c OAHHaKOBbiMn awnnnTyAaMM w A^MHaivin boxih Xm 2 X 

Ha 4)nr. 5 npeAcrraBJieHO ceMetfCTBO rpac£nKOB 3aBMCMMocreM OTHOCnTenbHOM wHTeHCMBHOCTn OTpa>KeH Horo 
CBeTa |l/l 0 | 2 ot paccToaHnq d Me>KAy CBo6oAHbiM KpaeM (Ha cjwr. 1,2 otot Kpafi - cnpaBa) 
CBeTonomou4aiOLi4eM nnacTMHbi c 3epKa/ibHoPi noBepxHOCTbK) w <£poHTanbHOM nnocKOCTbK) noAJio>KKM, 
Bbipa>KeHHoro b eAMHuqax ajihhw BOJiHbi M3nyHeHMfl ot ncTOHHMKa BMAHMoro CBeTa Xajih pa3Hbix 3HaneHHM 
d 0 - paccTo^HMfl Me>KAy 3aKpenneHHbiM KpaeM nnacTMHbi (Ha (pur. 1,2 stot Kpafi - cneBa) m cfrpoHTaxibHofi 
nnocKOCTbK) noAnowKui, Bbipa>KeHHoro b eAUHnqax X- AnnHbi BonHbi M3nyMeHMfl ot ncroHHUKa BWAMMoro 
CBeTa, rAe (19) - 3aBwcnMOCTb npii d 0 = 0.05 ^ (20) - 3aBMCMMOCTb npn d 0 = 0.45 ^ (21) - 3aBncnMOCTb npn 

d 0 = 0.5 ^ 22 - 3aBMCMMocTb npn d 0 = 0.55 ^ 

PaccMOTpuM pa6oTy ycTpoiiCTBa Ha npwwepe OAMHOHHoro cjDOTonpneMHMKa. HHCfcpaKpacHoe M3nyneHtie 
npoxoAMT nepe3 npocBeT/ieHHoe cfepoHTa/ibHoe okho (2), anepTypHyio Ana<£parMy (3) u nornou4aeTCfl b 
nornoLi4aK)Li4eM noKpbiTnn (7). BbiAeni/iBLueecfl npn 3tom Tenno HarpeBaeT n/iacmiHy (6) h a/ieweHT H3 AByx 
cnoeB MaTepManoB c pa3HbiMM KosctxjDMMneHTaMM TepMnnecKoro pacujupeHMfl (5), mto npuBOAMT k ero 
Aec^opMauMM m w3MeHeHHK> nono>KeHMfl nnacTMHbi (6) OTHOci/rrenbHo noAJio>KKii (9). CBeT ot mctohhmkob (14) 
npoxoAMT Mepe3 npocBeTneHHoe TbmbHoe okho (12), npocBeT/iaiomee noKpbiTue (11), noA/io>KKy (9). Macrb 
M3/iyHeHMfl OTpa>KaeTCfl ot (ftpom-ajibHofi noBepxHoc™ noA/io>KKu (9) - nepBa* OTpaweHHaa BO/iHa, a Macrb - 
npoxoAUT n oTpa>KaeTCfl ot 3epKaxibH0M noBepxHocru (8) nnacTMHbi (6) - BTopaa oTpaweHHaa Bo/iHa. 06e 
OTpa>KeHHbie bohhw MHTepcfDepupyjoT Me>KAy co6om, npumeM pa3HocTb 4>a3 nepBofi m BTopofi bohhw 3aBncnT 
ot paccroflHuq Mex<Ay nnacrnHOii (6) h noAnowKofi (9). CneAOBaTexibHo, HHTeHCMBHocTb OTpa>KeHHoro 
H3JiyHeHiifl 3aBwcnT ot no/ioweHH* nnacTMHbi (6), onpeAenaeMoro ee h 3/ieMeHTa (5) TewinepaTypaMii. 
OTpa>KeHHoe H3nyHeHne npoxoAMT nepe3 noA/iowicy (9), npocBeTJi*K>u4ee noKpbiTue (11), npocBeTneHHoe 
okho (12), o6*beKTMB (win OKyrmp) (13) n pemcTpupyeTCfl npn6opoM (15). 

PaccMMTaewi wm-eHCMBHocTb OTpa>KeH Horo CBeTa. nycTb Ha cfepom-a/ibHyK) noBepxHOCTb noAnowKM, 
HopManbHo k ee nnocKOCTM (Ha cjpnr. 2 noKa3aHa BonHa, naAatOLnaa noA HeKOTopwM yr/iOM k HopManii), 113 
o6i>eMa naAaeT n/iocKan MOHoxpoMaTMHecKaa BonHa 

, o = A o- x P( i w ) ' 

rAe A - aMn/iMTyAa 

i 2 = i; 

CU- nacTOTa bojihw; 
t - BpeMfi. 

TorAa ai* bojih mo>kho 3anncaTb (cm. 4>ur. 2): 
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I. = R«i ; i_ = <x-r>oi o e xp(-2ni<>2d/'a); <i> 

1 0 2 O 

I = <l-R>oj - C±-R> 2 ol oexp(-Zni<>Zd/^); <2> 
3 2 0 

I = Rol «expC~2ITi o2d^a> = 
*& Z 

= R*<l-R> oI o <>exp<-2ni*4d/a>; <3> 

I = <l-R>oi = Ro(i-.R) Z oi oexp(-2nio4d/2); <4> 

5 4 O 

I = R«I °exp<-ZITi o2d/*a> = 

6 4 

2 

= R <><1-R> oi^ o e xp(-2Hi <>6d/'a> ; C5> 

I - <1-R>«I - R Z o(l-R) Z ol oexp<-»21Ixo6d/'a); <6> 
» 6 O 

n TaK flanee. 3Aecb 

R - K03C(DCt>MMMeHT OTpa>KeHI/m OT 4)pOHTaJlbHOM n/lOCKOCTM HOA/10>KKH (9); 

d - paccTOflHwe ot nnacTMHbi (6) ao noAno>KKH (9); 

X- AJWHa BOJIHbl M3fiyHeHMfl MCTOHHMKa (14); 

TT= 3,1415... 

HawAewi cyMMy OTpa>Ke h h b i x jiyHefi, T.e. I = ^ + l 3 + + l 5 + l 7 + ... 

2 

I = Rol +1 «<1-R> »exp(»2ni«Zd/J)/(i- 
O O 

-R«expC-21Ti. o2d/^> > . <7> 

Mcno/ib3yfl c^opMyny Sfinepa, nonyHaeM: 

I = I *R+I (i-R) Z (cosd-R>/(l*R 2 -ZRcosd)- 
0 O 

2 2 
Cl-R> sinCt/Cl + R -2Rcosd) , <8> 

O 

rAe 

a=4nJ/X(9) 

HafiAeM MOAy/ib 3Toro KOMnneKCHoro nwc/ia: - 

|l/'I o | 2 = CR*<l-R> 2 <cosd-R>/'<l+R 2 -2RcosCt>3 2 + 

2 2 2 

*C<1-R> sind/(l*R -2Rcostf>l = 

= ZR-l-2<R-i) 3 /(l+R Z -2Rcos0(). <J.O> 

npn d = yA MMeeM w = n cos tt = -1 u |l/l 0 | 2 = 2R-1-2(R-1) 3 /(1+R) 2 = (3R-1) 2 /(1+R) 2 f bmaho, hto npn R 
1/3 n d = X4 OTHocMTexibHafl HHTeHCMBHOCTb 0Tpa>Ke h Horo CBeTa paBHa nyn\o (11). 

npn d = ^2 MMeeM w = 2 n cos a = 1 m |l/l 0 | 2 = 2R-1-2(R-1) 3 /(1-R) 2 = 1 npn jik>6om R (12). 

YHMTblBafl (11), Heo6XQAMMO OTMeTMTb, HTO A™ AOCTM>KeHHq M3KCMMaJ1bHOft r/iy6MHbi MOAy^n^MUM 
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CBeTOBoro noTOKa Koac^HLiiieHT oTpaweHMfl ot cfjpoHTaribHoPi noBepxHOcrrn noA.no>KKH AOJiweH 6brrb 
nop^AKa 1/3. 3to mo>kho o6ecneHMTb Bbi6opoM MaTepnana noAno>KKH c noKa3aTe/ieM npenoMneHMfl 

nopnAKa n w3.7, jim6o HanbineHneM nacTUHHO npo3paMHoro noKpbrrwfl Ha c£poHTanbHyK> noBepxHocrrb 

nOAJ10>KKI4. 

Ha 4>nr. 3 npeACTaBneH rpacfwK 3aBiicMMOc™ MHTeHcuBHocTw oTpa>Ke h hofo cBeTa ot paccroHHMfl d Me>KAy 
3epKanbHOM noBepxHOCTbK) (8) h cfrpoHTa/ibHOM nnocKOCTbio noAJio>KKii (9), Bbipa>KeHHoro b eAWHi/iuax A^HHbt 

BO/iHbi CBeTa Xot MCTOHHMKa (14). flaHHbiM rpacjDHK noKa3biBaeT, mto nepeAaTOMHa* xapaKTepucTMKa 

ycrrpoPtcTBa flBJiaeTCH nepnoAHHecKow cpyHKLji/ieM. B3anMHO OAH03HaMHoe cooTBeTCTBue Me>KAy nono>KeHMeM 
nnacTMHbi (6) m BejwMMHofi HHTeHCMBHOCTH OTpaweHHoro CBeTa mokst 6biTb nonyMeHo, HanpuMep, Ha 

ynacTKe 0.25 < d/X< 0.5. 3Aecb cuman 33bi/icmt mohotohho ot d/X oah3ko npw AanbHetiujeM yBe/inHeHiin 

(d/ X> 0.5), cuma/i yMeHbiuaeTca v\ b33hmho OAH03HaMHoe cooTBeTCTBue HapyuiaeTca. rionpaBHTb 

nono>KeHMe b stom c/iynae bosmowho, ecnw yBennwMTb AilMHy Bormbi CBeTa ot mctomhwo (14) npuwepHO b 
nonTopa pa3a h noBTopHO M3MepnTb ci/ima/i. ConocTaBnafl nepBoe h BTopoe n3MepeHiie, mo>kho 
0AH03H3MH0 onpeAe/iMTb nonoweHwe anacTMHbi, CBfl3aHHoe c ee TeMnepaTypofi. 

Ha 4)nr. 4 npeACTaBneHo ceMeficTBO rpact>MKOB 3aBwci/iMocTe£i HHTeHCMBHOcru OTpa>KeHHoro CBeTa ot 
paccTOflHMq d Me>KAy 3epKanbHOfi noBepxHOCTbK) (8) m cfrpoHTa/ibHofi nnocKocTbK) noAiowKM (9), 

Bbipa>KeHHoro b eAUHnqax ahmhw BO/iHbi CBeTa Xot wcTOMHMKa (14) txn* pa3Horo cneicrpanbHoro cocTaBa 

CBeTa ot wcTOHHMKa (14). 3aBMCMMocTb (16) coBnaAaeT c rpacfcHKOM, npuiBeAeHHbiM Ha cjDiir. 3, 3aBwcnMOCTb 

(17) no/iyneHa a^« CBeTa c aihhom bojihw b Asa pa3a npeBbiwajomefi A-n^Hy bojihw CBeTa, 3aBncnMOcrb 

(18) nonyneHa Arm CBeTa, cocroHinero M3 bohh c Xh2 XoAHHaKOBbiMM aMnnwTyAaMM. Bmaho, mto 
cneicrpanbHbiM cocrraB CBeTa ot wcTOMHHKa (14) BrwaeT Ha nepeAaTOMHyio xapaicrepucTHKy ycrpoMCTBa. 

B peaxibHbix ycrpoMCTBax nnacTMHa (6) MO>KeT nepeMeujaTbCfl, b 3aBncnMOCTH ot KOHCTpyKqun KpenneHHfl, 
napan/ie/ibHO nn6o He napannenbHO noA/io>KKe. B nocneAHeM cnynae mo>kho Ha3BaTb npaBbm Kpafi (Ha 
(Jwr. 1,2) nnacTUHbi CBo6oAHbiM, a neBbifi - 3aKpenneHHbiM. TorAa nnacruHa (6) b pe3ynbTaTe M3MeHeHum ee 
TeMnepaTypw 6yAeT n3wieHflTb yron HaicnoHa k noAno>KKe (9). 1/lHTerpnpya [10] no KOopAMHaTe, 
napa/iJie/ibHow nnocKocTM noAno>KKti, ot 3aKpenneHHoro ao cBo6oAHoro KOHqa n/iacrnHbi (6), nonynaeM 
cewieMCTBO rpacfwKOB 3aBMcnMocrreM MHTeHcwBHOCTn oTpa>KeH Horo CBeTa ot paccTOHHi/m d wie>KAy 
CBo6oAHbiM KpaeM (Ha <fcnr. 1, 2 stot Kpaii - cnpaBa) nnacTMHbi (6) h cfrpoHTaiibHoii n/iocKocTbK) noA/io>KKii 

(9), Bbipa>KeHHoro b eAMHMqax ajiuhw bojihw CBeTa Xot ncTOHHMKa (14), f\na pa3Hbix 3HaneHMM paccTOflHvin 
d 0 wie>KAy 3aKpenneHHbiM KpaeM nnacTMHbi (6) (Ha c£nr. 1,2 stot Kpaw - c/ieBa) w 0poHTanbHow nnocKocTbKD 
noAno>KKH (9), Bbipa>KeHHoro b eAUHMMax a/iuhw bojihw CBeTa Xot ncroMHMKa (14) (cfeiir. 5). 3Aecb 
3aBMCMMOCTb (19) nocTpoeHa f\r\9\ d 0 = 0.05 ^ (20) - d 0 = 0.45 ^ (21) - a^h d 0 = 0.5 ^ (22) - pj\* d 0 = 

0.55 ^ I/I3 rpac^nKOB bmaho, hto b 3aBncwMoc™ ot BennnnHbi d 0 j\nn o6ecneMeHM5i pe>Knwa pa6oTbi 
ycrrpo^cTBa Ha "yAo6HOM" ynacTKe nepeAaTOHHOM xapaKTepucrnKM (Hanpniviep, d 0 = 0.05 ^TaKOM 

ynacTOK MoweT 6biTb Bbi6paH c qeHTpoM b TOHKe d/X ~0.1) Mo>KeT noTpe6oBaTbC5i Hana/ibHoe CMemeHMe 

nojio>KeHMfl CBo6oAHoro Kpan nnacrnHbi (6). TaKoe cwiemeHMe wioweT 6biTb o6ecneneHO Bbi6opoM 
cooTBeTCTByjoineti TexHonormi vi3roTOBJieHi/ifl m (mhm) paGonew TeMnepaTypw ycrpoMCTBa. flna p^Aa 
npMMeHeHUM MO>KeT noTpe6oBaTbcq M3MeHeHne Ha3BaHHoro CMeu4eHnn b 3aBncnMoc™ ot BennMUHbi 
perncTpuipyeMoro none3Horo CMmana, mto mo>kho o6ecneMMTb BBeA©HneM b ycTpo&CTBO AonoriHUTenbHoCi 
CBWM Me>KAy 6flOKaMM (15) m (10). 

H3MeHeHMe cneicrpanbHoro cocraBa CBeTa ncTOMHMKa (14) no3BO/iqeT M3MeHflTb nepeAaTOMHyK) 
xapaKTepucTMKy ycrpoMCTBa (cm. <£w\ 4). M3MeHeHwe cneiapanbHoro cocraBa CBeTa ncroMHMKa (14) b 
3aBncnMOCTM ot Be/iMMMHbi perncTpupyeMoro no/ie3Horo curHana no3BonnT pea/iM30BaTb MecTHyra 
oSpaTHyio CBA3b (BBeAeHweM AononHMTe/ibHOM cba3m Me>KAy 6/ioKaMM (15) m (14)), mto MO>KeT OKa3aTbca 
none3HbiM a^i« P^Aa npuMeHeHnft. 

KoHcrpyKMMfl ycTpotiCTBa AonycKaeT MaTpuMHyK) opraHM3aMHK> c mhcjiom nuKce/iew (coAep>Kaii4nx 
KOHCTpyKTMBHbie 3/ieMeHTbi (4), (5), (6), (7), (8)) n om, n - mmcjio crrpoK, m - mmciio CTon6uoB, pa3Meii4eHHbix 
na o6ii4eM noAno>KKe (9). B peanbHbix MaTpuMHbix ycrpowcTBax Mwcna n m m MoryT 6biTb b Anana30He 1 
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^i<10000, 1 ^n^lOOOO. 



MaTpuqa cjDOTony bctb uTen b h bix aneMeHTOB, cocro*Li4kix na TepMOM30JinpyK)Liiero aneMeHTa (4), aneweHTa 
M3 AByx cnoeB MaTepnanoB c pa3Hbiwin KoscfccfeHMweHTaMM TepMnnecKoro pacujwpeHkm (5), 
CBeTonomoLiiaioLMeM nnacrrnHbi (6) c nornoLMajoiiiMM noKpbiTneM (7) v\ 3epKanbHOfi noBepxHocrbio (8), 
M3roTOB/ieHa no TexHonornn, aHanon/iHHoPi onucaHHOii b pa6oTe "An Uncooled IR Imager with 5 mK NEDT", 
SPIE, v.3061, p.210. 

noAJio>KKa (9) BbinonHeHa M3 onniHecKoro CTeioia, ho MO>KeT6biTb BbinormeHa, HanpuMep, U3 
neMKocancf)Mpa mjim Bbipo>KAeHHoro KpeMHfm. B nocneflHeM c/iynae mctohhmk (14) AOJiweH M3JiyHaTb cBeT c 
AnnHOM BoriHbi b flnana30He ot Kpaa nomomeHUR Bbipo>KfleHHoro KpeMHMfl ao Kpaa nornomeHiifl 
HeBbipo>KAeHHoro KpeMHMH, a perncrpupyjOLMMM npn6op MO>KeT 6biTb M3roTOBneH M3 HeBbipo>KAeHHoro 

KpeMHHfl. 

CBeTonomoii4aK)Li4Me nnacTUHbi (6) BbinonHeHbi H3 anK>MHHHfl c HanbmeHHbiM cnoeM cBeTonomomaKDmero 
MaTepnana (7), yrnepoAa. flna M3roTOBneHna nnacTMH (6) mo>kho ncno/ib30BaTb Apyrne MeTa/inbi, 
HanpuMep: cepe6po, MeAb, HMKe/ib, mhhk. CBeTonornomaiOLHtifi cjiom (7) mo>kho n3roTaBnwBaTb, HanpwMep, 
M3 nepHeHOM nnaTMHbi wnw nepHeHoro cepe6pa. OneMeHT H3 AByx cnoeB MaTepnanoB c pa3HbiMM 

* K03C})C{)HI4MeHTaMM TepMMHeCKOrO paCliJMpeHMfl (5) BbinOJlHeH M3 CJlOfl an»OMMHM« H CHOfl HMTpHAa KpeMHI/lfl. 
TepMOM30J1MpyK)LI4MM 3/ieMeHT (4) BbinOJlHeH M3 HMTpMAa KpeMHMq. B03MO>KHa 3aMeHa HMTpMAa KpeMHMJR Ha 

Kap6nA KpeMHM« mjim Apyme MaTepnanbi c TennonpoBOAHOCTbK) MeHee 5Bt/(m o<), a a/iK>MHHMsq Ha Apyrwe 

MeTanxibi c 6jih3khmh KOSctx^nqneHTaMM TeivinepaTypHoro pacLuwpeHMfl, HanpwMep: cepe6po, MeAb, HMKerib, 
muhk. PaccTOAHne wie>KAy 3aKpenneHHbiM Kpaewi CBeTonornouiaHDuiefi nnacrnHbi (6) w (£poHTanbHotf 
noBepxHOCTbK) noA/io>KKM (9) 6bino Bbi6paHO paBHbiM npuMepHo nonoBMHe ajihhw bojihw cBeTa HCTOHHwca 
(14). 

3Aecb cneAyeT OTMeTMTb, hto npeA^araeMa* HaMM KOHCTpyKquq ycTpofiCTBa no3BOJiaeT wcnonb30BaTb npn 
era n3roTOBneHMM He TonbKo era HAapTH bie TexHOJiornnecKMe npneMbi h pe>KWMbi, ho h npueMbi, 
HeAOCTynHbie b CTaHAapTHofi KpeMHHeBow TexHonornn. 

HHcfrpaKpacHbifi o6"beKTMB (1) M3roTOBneH M3 KpeMHueBbix m repMaHMeBbix jimh3, ho wioweT 6biTb BbinoiiHeH 
M3 Apyrux MaTepnariOB, npo3paHHbix i\nn perncrpupyeMoro TennoBoro M3nyHeHMfl, wnn no 3epKajibHofi 
cxeMe. Okho (2) M3roTOBneHO 113 KpeMHHfl, ho MoweT 6biTb M3roTOBneHO M3 Apymx MaTepnanoB, npo3paHHbix 
A/ifl perncrpupyeMoro TennoBoro M3nyHeHna. Okho (12) i/i o6"beKTMB (13) - M3 onTunecKoro creKJia, ho Mo>KeT 
6biTb M3roTOBneHo M3 APyrux MaTepnanoB, npo3panHbix a/i« BMAMMoro CBeTa. B KanecTBe ncTOHHMKa CBeTa 
(14) ncnonb30BaH CBeTOAMOA. Mo>kho ncno/ib30BaTb Ha6op M3 cBeTOAMOAOB, M3JiyHaK)U4nx CBeT c 

OAMHaKOBOM MJ1M pa3HOM f\S~\\AHO\A BOJIHbl M CXeMOM MX nMTaHHfl, HMetOLLjeH ynpaBPflKDLAMM bxoa, 

coeAHHeHHbiii c BbixoAOM 6/iOKa (15). 

CTa6n/iM3aTop TeMnepaTypbi 6bm BbinoiiHeH b BMAe MaccuBHoro MeAHoro KOJibua, ho Mo>KeT 6biTb 
BbinoriHeH b BHAe 6noKa, MMejou^ero b cBoewi cocraBe HarpeBaTerib, xonoAn/ibHUK, cxewiy M3MepeHMfl 
TeMnepaTypbi noAxio^KM, cxeMbi nuTaHna, ynpaBneHun n perynnpoBaHna pe>KMMa pa6oTbr HarpeBaTenq m 
xonoAHJibHMKa, ynpaBJisK)Li4iiti bxoa, noAKniOHeHHbifi KBbixoAy npuSopa (15). 

ycTpoMCTBo Mo>KeT coAep>KaTb b CBoeM cocraBe coeAHHeHHbie c npn6opoM (15) 6/iokm Kajin6poBKM 

HyBCTBMTenbHOCTM M 6/IOKM M3MepeHMfl napaMeTpOB OKpy>KaK)LL|eM CpeAbl, B/lHqK)LJL|MX Ha TOMHOCTb 

M3MepeHM5i TeMnepaTypbi o6-beKTOB. 

CHMweHMe ce6ecTOMMOCTM M3roTOBneH ma onbiTHoro o6pa3qa ycrpoMCTBa Bbipa3nnocb b yMeHbuueHnw MMcxia 
Tpe6yeMbix f\na M3roTOBneHM5i c^oTOHyBCTBMTenbHoro sneMem-a 4)OTOLua6/ioHOB, npuMepHO b Tpn pa3a. 
ripn cepuPlHOM BbinycKe Bbinrpbiiu b ce6ecTOMMOCTH MO>KeT OKa3aTbc« MeHee 3HaHMTe/ibHbiM m 6yAeT paBeH 

pa3HOCTM B CTOMMOCTM KpeMHUeBOM MliKpOCXeMbl M CTeKJIflHHOM nOA/10>KKM, yMHO>KeHHOM Ha HMCflO, 

3aBMCflLL|ee ot npoueHTa BbixoAa no TexHonornHecKMM onepauwflM M3roTOBneHM« ct)OTOHyBCTBMTenbHbix 
sneMeHTOB. TeopeTunecKn paccHHTaHHbiM ypoBeHb syBCTBHTenbHOCTM f\nn M3roTOBneHHoro ycTpowcTBa 

cocTaBun 3m o(, hto npeBbiiuaeT n3BecTHbiti ypoBeHb MyBCTBHTe/ibHOCTM a^h aHanoriiHHbix ycrpoMCTB. 

<»)OPMyJlA M30BPETEHMA 

ycrpoMCTBo perncTpaqnn TennoBoro M3nyHeHMfl, cocroflinee M3 MHC^paKpacHoro oS-beiauBa, BaKyyMHoro 
Kopnyca c npocBeT/ieHHbiM 0poHTaribHbiM okhom, coAep>Kaii4ero anepTypHyio Anac^parMy, cra6nnii3aTop 
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TeivmepaTypbi m noflJio>KKy c 3aKpenneHHbiMM Ha ee cfcpoHTa/ibHOfi noBepxHocru, nocpeACTBOM 
TepMOM30/iMpyioii(Mx anewieHTOB m anewieHTOB M3 AByx cnoeB MaTepnaxiOB c pa3Hbiwin KoacfxfcMMiieHTaMM 

TepMMMecKoro paciunpeHMn, nnacrwH b KonnMecTBe n on, rae n - hhcjio ctpok, m - hmc/io ctoji6mob, c 

nornomaioLMeM h 3epKanbHofi noBepxHOCTAMn, o-mwHaioLneecfl tsm, mto b Hero AonojiHMTenbHo BBeAeHbi 
Tbi/ibHoe okho BaKyyMHoro Kopnyca, mctohhmk MOHOxpoMaTMHecKoro BWAHivioro CBeTa, pacnonoweHHbm c 
TbinbHOti crropoHbi noA/io^Kn, cb6t KOToporo HanpaBneH Ha TbinbHyio CTopoHy noA-no>KKn , npoxoA^T Ha 
4>poHTanbHyK) cropoHy noA-no>KKn m 3epKanbHyio noBepxHocrrb CBeTonornomaK>Lneii nnacniHbi, m 
perncTpnpyK)U4MM npn6op, HyBCTBMTe/ibHbiM k BMAMMOMy CBeTy, perncTpupynDLUMM oTpa>KeHHbie 3epKanbHoii 
noBepxHocTbK) Ka>KAOM nnacTMHbi w cfcpoHTanbHcm noBepxHocTbK) noA/io>KKM MHTepc^epupyjoLMne Me>KAy 
co6om nywn, a noAno>KKa BbinormeHa M3 npo3panHoro a^h bmahmoi-o CBeTa AManeKTpuMecKoro nnn 
nonynpoBOAHMKOBoro MaTepnana. 

PMCYHKM 

P^cyHOK 1., PM.cy.HOK 2, PwcyHOK 3, PwcyHOK 4, PM.Cy.HOK .5 
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